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INTRODUCTION 




This publication has been prepared by BSIC/EFL to bring a gen- 
eral state of the art discussion of building systems us’ to both 
active systems users and those who may be contemplating their 
use for the first time. 

In November of 1 970 BSIC invited a small group of people, who 
were active in the field of school architecture and had considerable 
experience in the use of building systems, to sit down together 
and discuss their experiences. In this publication BSIC has isolated 
some points from these discussions and added some additional 
material to provide a comprehensive view of the use of building 
systems for schools. 

In order to provide the reader with a basic vocabulary of sys- 
ten s language, a glossary of terms used in the text has been in- 
cluded at the beginning of the publication. The text has been di- 
vided into four parts: 1) how to learn about building systems, 
2) how to use building systems, 3) a list of sources of additional 
information about each of the major topics discussed in the text, 
and 4) samples of materials used in the preparation of bid docu- 
ments for early bidding of subsystem!. 

The authors are indebted to a great number of persons who 
have contributed their ideas, experiences, and comments during 
the preparation of the manuscript. We are especially indebted to 
A. F. Allen, Christopher Arnold, Michel Bezman, James Bruce, 
Carl Bryant, Thomas Cloonan, Jean Farley, Albert Hanscom, Er- 
vin Hill, Jonathan King, Norman Kurtz, Robert Malcolm, Carroll 
McGuffey, Robert Miles, Richard Miller, Peter Piven, Paul Roelke, 
Norman Rutgers, Ken Wilson, and John Wurz. 

In addition to the above, parts of the manuscript were reviewed 
by Bernard Cromi, Ted Gilles, W^illiam Locke, Jon Schleuning, 
Louie Sudheimer, and Ed Wundram. 



Ill the followinji; glos'^.iry. terms .ire defined .is they .irc used in CjLOSS OT' FKR i\ 1 S 

ihis report. Thc'^c derinitions m.iy or may not reflect a terms i-t T~U 1C 13 110/^13 T 

mcaninj; iii cverv context. Terms marked with an C*") arc also de- ) 1 l\ I I i Ivtl CJlv 1 

fined in this glossary. 

Building Component. A group of parts which form a portion of a 
building subsystem'^; e.g., a door, its frame and hardware as part 
of a partitioniiig subsystem; the second subdivision of a building 
system*. 

Building Subsystem. A group of building components* that per- 
forms as specified; e.g., an HVC subsystem made up of compo- 
nents such as energy converters, air- handling units, ductwork, 
diffusers, and controls; the first subdivision of a building system*. 

Building Subsystem Performance Characteristics. The actual char- 
acteristics of a given manufacturer’s subsysren> as opposed to the 
needs established by the user. 

Building Subsystem Performance Requirements (Criteria). A set of 
statements of the essential characteristics that a building subsys- 
tem* must provide in order to satisfy user needs*. 

Building System. A set of coordinated building subsystems*, in- 
tended for application as a group, performing many or all of the 
functions of a building. 

Compatibility. The state of functional*, dimensional*, economic, 
and aesthetic coordination between two or more building subsys- 
tems* or components*; see Interface*. 

Development. The effort required to create new products or to 
substantially modify existing ones in response to a given perform- 
ance standard. 

Dimensional Coordination. The organizing of dimensions to en- 
able building subsystems*, components*, and parts to be used to- 
gether without modification. 

Functional Coordination. The organizing of performance charac- 
teristics to enable optimum performance to be obtained from com- 
binations of building subsystems*, components*, and parts. 

Hardware. The physical elements of a system*. 

Interface. The common boundary between two building subsys- 
tems*, components*, or parts including both the physical contact 
which may or may not form a joint and the overlap of perform- 
ance characteristics. 
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Lead (or Lead-In) Time. The length of time preceding an event 
which must be allowed for all implementing activities if the event 
is to have reasonable chance of occurring as scheduled. 

Modular. Having commensurable dimensions; i.e., dimensions 
based upon modules* and integer multipliers. 

Modular Coordination. Dimensional coordination* using com- 
mensurable dimensions, or modules* and integer multipliers. 
Module. A basic fixed dimension. 

Performance Specification. A set of specifications which describes 
a building system*, subsystem*, or component* for bidding pur- 
poses, not by its physical materials, shapes, dimensions, or other 
physical properties, but by the desired results; in other words, not 
by what it is, but by what it does. 

Planning Grid. A reference grid, usually rectangular with the spac- 
ing of the grid lines determined by the module* of the building 
system*, which serves as a dimensional framework for organizing 
the building and/or the site plan. 

Planning Module. A standard unit of measurement established as 
a tool for space planning; in many U.S. building systems, the plan- 
ning module is 5'-0" (60") or 152 centimeters. 

Software. The nonphysical elements of a system*; e.g., a program, 
a design, or procedures. 

System. An interdependent group of items forming a unified 
whole. 

Systems Approach. The viewing of a problem as a system , stress- 
ing the interrelation of problem elements and processes and the 
relation of the problem to its larger context. 

Systems Building. The application of the systems approach* to 
construction, normally resulting in the organization of program- 
ming, planning, design, financing, manufacturing, construction, 
and evaluation of buildings under single, or highly coordinated, 
management into an efficient total process. 

User Needs. Those conditions which the user of a building con- 
siders necessary or desirable as environment and support for his 
activities, without particular reference to how such conditions 
are to be physically produced. 



lor tlu' iiulivichul or Hnii intc rcstcJ in Ic.jrning .iboiir huiltling 
s\stenis, wIiciIkt for iisc on .1 spccilic projocr or for inform. uion 
.ilonc, llic pntli bci;ins with the collection mui siiK.iy of c\isrim» 
inform.itioii. As this stiuly progresses, new ideas and concepts, as 
well as new inrerpretatioiis of traditional ideas, will be discovered. 

C')ne of the principles of the systems approach is that all work 
is itcrativc\ that is, each project is built upon evaluation of the 
results of former projects. The use of building systems leads to 
new* knowledge and uiulerstanding which leads to an improved 
ability to Use systems. I’.ach office will de\elop and evolve its ow’n 
techniques and methods for building systems use w hich may dif- 
fer from those of other offices. 

A formal definition of buHdiu^ system is a set of coordinated 
building components, intended for application as a group, per- 
forming many or all of the functions of a building. In simpler 
terms, a building system is a set of parts which have rules for how 
they may be used. With these parts a building can be designed 
and constructed. To this definition, BSIC likes to add that a build- 
ing system must include structure and at least one other com- 
patible subsystem. 

The parts in a building system are organized into categories 
known as functional subsystems. These categories differ some- 
what from the trade-based classification categories of the Con- 
struction Specifications Institute (CSI) and the AIA. Four sub- 
systems — structure, heating/ventilating/cooling (HVC), integrated 
lighting/ceiling, and interior space division — are found in almost 
all building systems projects to date. Several other subsystems — 
exterior wall, electric and electronic distribution, carpeting, cabi- 
netry, plumbing — are found with increasing frequency. 

Although the subsystems of a building system could be used in 
a traditional design and construction program by careful attention 
to the system’s constraints and discipline, most effective use comes 
when building systems are combined with some of the procedures 
which have been evolved for systems projects. Many of these pro- 
cedures are discussed in the following chapter, “How To Use 
Building Systems.” When building systems and these procedures 
are used together, it is indeed possible to build better schools in 
less time and at the same or lower costs. 



HOW TC LEARN 
ABOLT 

BLIILDING SYSTEMS 




SUBSYSTEMS 



Information about building systems and their use may be ob- 
tained from a number of sources. These sources may be loosely 
grouped as follows: 

• Educational institutions. Many schools of architecture and 
engineering presently offer courses in both building systems and 
systems analysis. In addition to formal course structures, these 
institutions often hold seminars, short courses, workshops, and 
conferences which may be open to both students and nonstudents. 
Other agencies, such as state boards of education, chapters of 
professional organizations, and the federal government also hold 
such sessions. 




SOURCES OF INFORMATION 



E 








• Periodical articles. Systems building, including the use of 
buiidiiig sysiems, has been the subject of a number of articles in 
architectural and other journals recently. Because the quality of 
these articles varies from essential to inane, a selected bibliography 
is included at the end of this publication, 

• btdividuals cvid firms involved hi the use of systems. Groups 
actually using building systems form a vital source of information, 
A major drawback of this source, however, is that the better an 
individual or firm is in the use of systems, the less time they have 
available to give information. One of the reasons BSIC was estab- 
lished was to bring together the experience of leaders in the field 
and to communicate this experience to others, 

• Systems building periodicals. There are several magazines 
which arc devoted to systems and industrialized building. Some of 
these are: 

BSIC Neivsletter^ primarily aimed at educational construc- 
tion, published every tenth week free of charge. 

BSIC/EFL 

3000 Sand Hill Road 
Menlo Park, California 94025 

Systetns Building News^ primarily aimed at housing con- 
struction, but with broader interests, published monthly, 
$18.00 per year. 

Systems Building News 
1760 Peachtree Road, N.W. 

Atlanta, Georgia 30309 

Inditstrialization Forwtt, covers industrialized and systems 
builciing but with a theoretical bias, published four times per 
year, $5.00. 

Industrials/ irion Forum 
S bool ot Architecture 
Box 1079 

Washington University 
St. Louis, Missouri 63130 

• BSIC and other hiformation centers. Although BSIC is cur- 
rently the only active clearinghouse for information on building 
systems, both the federal government and The American Institute 
of Architects are planning to open centers. Various organizations 
have groups whose role is to study and disseminate information 
on systems within the parent organization. 

• Manufacturers of building system components. The manu- 
facturers of systems products have available information on their 
products and, in some cases, information of general value about 
building systems and their use. 

In the remainder of this report an introduction to the use of 
building systems will be made in the form of a description of a 
“model” of a more or less typical building systems project. At 
the conclusion of the report, a list of suggested readings for further 
information will be found. 
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V ..fj\ f’.iti.fsnft uxKiciu iomponcnts m.iy he ikcJ in ^ tr;idi- 
r i ij ; -. tUf .Hill consirucf ion of .1 projea, they 

J i* if cUckI .is p.m ol .i sysioms approach. Prop- 

i ♦ . If-.,- *. xitfiv-i 4 ppr<*.u n proMtlos .1 me.ins for t.ipping the 

.-.it M J>r .;ilf:!oriu <»f .1 hro.ul .Issortmciu of relevant loch- 
; J.r.,5 I'S 'rw on.:! disv ipliiKs. I ho sysicms approach is highly 

.u jM, .5. ri im.ipii.nion. iiulgmciu, arul originality to generate 
. t . f,-. Jar. I %%huh arc ofren incciinpleit\ ambiguous, and 

ti. a p iftixular viui.iiinn. I he sysrems approach is prag- 

• ihai sc IS isiion oncnicJ. Systems arc developed in re- 
14-., r 14 wH?nc %pci fu set of circumstances which require differ- 

K.j!; ^ haw'xl upiin the unique conditions of a particular 

pit-< 

I W is stems approach, then, diciaies that the actual procedure 
.irf J -.n c 4 xh poMCsi must arise out of the project’s specific condi- 
s I here IS. however, sufficient similarity among most school 
^«-tforfusiK»n pri»|ccts to have given rise to a “model” building 
ircms pfiMcsi I his model must be view ed as a basis for develop- 
irncTii *>i pioicxf priKcdurcs rather than as an absolute model to be 
4«.>f«<rU m JcIJil. 

IW<<.tr puKccJing to a discussion of some aspects of this 

• priMeci. It will be useful to clear up a misunderstanding 
jKnii hat IS involved in a typical building systems project. 



HOW TO USE 
BUILDING SYSTEMS 



In Nunh .\mcric.i to date there have been two kind«^ of build- DEVELOPMENX ANE) 

ini: *vi.irmv pro|Cccs — I those which develop new building sys- 

iftn^ and 2 those which use building systems which have pre- OFF-THE-SHELF PROJECTS 

«hhjs1v hern developed and arc available for goneial use. Because 

ihr iwo are often confused, a distinction must bw idde between 

shcfti IVvcIopinem can bo defined as the effort required to create 

new products or substantially modify existing ones in response 

ft- a given performance standard. 

Svacmv t)c%clopmcnt Programs. 

t or educational const ruction, fhere have been four major build- 
ing %v stems development programs: 

1 , School Construction Systems Development (SCSD) in Cali- 
fornia. 

Siud> of Educational Facilities (SEF) in Toronto, Ontario. 

Recherches en Amc'^'^gements Scolaires (RAS) in Montreal, 
i^uchec. 

a. l-nivcrsiiy Residential Building System (URBS) in California 
fur dumtt lories. 

Ill these progiams, large markets were aggregated to provide a 
volume of vivork in order to encourage manufacturers to develop 
new produces. These programs are viewed as “seed projects’’ by 
thetr panicipanis; that is, the development worK in hardware and 
icAhiiiques will be used on many more ■projects than those in- 
cluded in the initial program. 
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Many of the products nvailahlc in building systems today and 
most of the techniques for their use originated as responses to tlic 
needs of these large-scale and expensive development programs. 
The role of this type of program is to generate products with im- 
proved performance together with effective methods for their use. 

The volume of work required to justify a full-scale systems 
development program is not fixed, but is known to be in excess 
of $30 million of construction in a relatively short period of time. 
The number of full-scale development projects that the school 
market can sustain is limited. Once the general requirements for 
various types of buildings have been defined and accepted and 
hardware solutions marketed, there is little need for the large-size 
development type project. However, if the market is available and 
new requirements can be clearly defined and widely accepted, 
industry will develop new component systems or refine and re- 
design existing ones to meet this demand. 

For persons contemplating school design and construction pro- 
jects of normal size, a major systems development project is 
out of the question. 

Projects Using Existing or Off-the-Shelf Components. 

Although there is a lower limit which will be discussed later in 
this chapter, projects of almost any size may make use of building 
system?, components and techniques. These projects fall into two 
categories — 1) volume purchase programs where several projects 
are grouped together, and 2) single projects. In this report the 
single project will be emphasized. Excellent work on grouping 
projects into volume purchasing markets is being done by the 
Florida Schoolhouse Systems Program and numerous other pro- 
grams, including those in Detroit and Alaska. 

The common characteristic of these projects, whether for a 
single school or a group of schools, is that they are designed 
around existing building systems components. Techniques which 
have been introduced and tested on the large development pro- 
grams are used to implement the projects. The purpose of this 
chapter is to show how the individual architectural firm can work 
with building systems on the average-size construction project. 



THE ROLE OF CONSULTANTS On building systems projects, consultants to the architect, in- 
cluding structural, mechanical, and electrical engineers, are re- 
tained as in conventional design and construction projects. The 
roles of these consultants are changed somewhat, however. In- 
stead of traditional services, consulting engineers must now spell 
out the performance criteria required to satisfy the needs of the 
user as specified by the architect and evaluate the manufacturer’s 
response rather than perform actual system design. 

Although legal precedent is lacking at the present time, it ap- 
pears that the architect and his consultants cannot shift their tra- 
ditional responsibilities to the manufacturer, even when the manu- 
facturer performs design in response to performance specifications 



ERIC 
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systems tirawings. In building systems projects, as currently 
formulated, the architect and his consultants must exercise final 
review and approval of all parts of the design as they do on 
nonsystems projects. 






PROGRAMMING AND 
SYSTEMS FEASIBILITY 

PRELIMINARY DESIGN 



CONTRACT DOCUMENTS X///A 




Although many of the steps overlap, the ‘‘model” for a building 
systems project using off-the-shelf components to design and con- 
struct a single project can be outlined as follows: 

1. Preliminary architectural programming. The architect and 
the client determine performance levels and sufficient project cri- 
teria to test the feasibility of the use of building systems. 

2. Testing the feasibility of building systems use. The architect 
and the client study the project to see if the use of building systems 
is useful or desirable. 

3. Architectural programming. The architect and client pro- 
gram the facility, either full space programming or sufficient pro- 
gramming to permit development of the preliminary design. 

4. Preliminary desigft. The architect then develops the prelimin- 
ary design and presents it to the client for his approval. 

5. Multi-stage biddings Stage One. Key building systems com- 
ponents and the parties who will supply and install them are 
selected by competitive bidding. 

6. Working drawings. The architect completes working draw- 
ings and other contract documents. 

7. Multi-stage bidding. Stage Two. The construction con- 
tract(s) are let by competitive bidding; these contracts may be 
let to: 

a. a general contractor, 

b. prime contractors where required by law, 

c. a construction manager and subcontractors, or 

d. a management contractor and subcontractors. 

The remainder of this chapter is a discussion of these “model” 
procedures. The “Suggested Readings” contain additional sources 
for many of these steps. 



O 




THE MODEL BUILDING 
SYSTEMS PROJECT 
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PRELIMINARY ARCHITECTURAL 
PROGRAMMING 



Tlic basis of any architectural program is, t)f course, the re- 
L]uirenieiits of the users t)f tlie facility tt> Ise constructed, (^nce this 
important aspect of the prt)cess has progressed tt> the point where 
these basic renuirements arc known, architectural programming 
can he undcrtakciu 

On systems projects, this involves determining the scope and 
schedule of the project, and establishing tentative performance 
levels for the facility. In some projects, preliminary architectural 
programming has also included definition of additional criteria, 
such as, structural bay sizes, story heights, and basic building con- 
figurations. 

The determination of desired performance levels is an impor- 
tant aspect of the programming roles of the architect and the 
client, and involves a delicate balancing of user needs and re- 
sources. At this point, some information as to future directions 
of the client must be known to determine the levels of flexibility 
required and possible future performance demands. 



BUILDING SYSTEMS 
FEASIBILITY 




Once performance criteria have been established, the appropri- 
ateness of building systems as a project solution must be estab- 
lished. To determine whether or not systems are an appropriate 
solution, the architect and the client must find the answers to sev- 
eral questions. Key among these are: 

• Are building systems products the best means to meet the per- 
formance requirements? 

• Are design constraints inherent in the building systems accept- 
able for this project? 

« Is there sufficient competition in the area among building sys- 
tems manufacturers to insure good and legal bidding? 

• Is this project of sufficient size to stimulate this competition? 

• Are there local code and/or bidding requirements which 
might make building systems use excessively difficult? 

• Are there other constraints; e.g., labor or political opposition, 
which might make building systems use excessively difficult? 

Product and manufacturer performance. The best source of in- 
formation about the performance levels of systems products and 
the willingness of manufacturers to bid on jobs is, of course, the 
manufacturers and suppliers themselves. One list of such manu- 
facturers, their products, and generalized performance data for 
the products is BSIC Special Report Number One: Manufacturers' 
Compatibility Study. 

Most building systems projects bid subsystems on an installed 
basis, with local contractors providing installation service. In most 
cases, this local contractor is also the bidder, with the national 
manufacturer providing materials and assistance in preparing the 

bid. 

Project size and building systems. Although the evidence is un- 
clear as to the exact relationship between project size and systems 
cost, the size of the project modified by other factors may influence 
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llu* oil ulu'tluT or not lo usi' s\^ti*iii^. 1 lu* \\ illiiiuiu*' ot 

ni.iiiut.K I ufi'rs h> hul «>ii 'irs pro)i\t^ m tlu* ot i.littKull 

lovJtfoiis« uinisu.il 4 >r stniiucnt ^.oJc rci|iii rinuiil'*. iiiiu''n.il bu! 
ilmg voiKliiiiiiis. j;rc.it ilisl.iiui-s tioin m.imit.u inrmg pLiiits. .i;ul 
oflur t Kftirs iiuist be v.iretulb dieckcil. 

It .1 sHuIn ot iIk-sc f.ictors iiulic.itt s tli.U proiect '^i^c in !«>«» sm.ill 
lo allow all buiklm^ syNionis procciliires fo be unoJ. .ilicni.iiive 
mctiuKls may bo irioJ. Ia»r example* Nc\eral small pr(»|ccis may 
be ctMiibiiieJ mio one biiUmg package of Miffiueiii si/e to aiiraci 
maiuifacuirer aiioiiiioii. bor eJueailoiial cons! ruction, this m.iy be 
citiiie with projects within the s.ime school district* wiihin the 
.irchitect's i>ffice, <»«■ between districts and offices. .\ll of these com- 
binations are current 1)' in use in Horida* and examples may be 
found in other states. 

As on nonsystems projects, the preliminary design is the trans- PRELIMINARY DESIGN 

lation of the building program into a design solution. On building 
systems programs, however, two elements in preliminary design 
differ from conventional approaches. 

In a system program, the architect works with both the build- 
ing program and an awareness of the inherent nature, potentials, 
and constraints of the building systems to develop the preliminary 
design. In some firms, all sketching, schematics, and diagrams are 
done on paper on which a 5' by 5' grid is imprinted to remind 
the designers of the planning module of the building system. 

In addition to relating all planning to the basic planning mod- 
ule, the architect may wish to use larger planning units, sometimes 
called “supermodules,” or “space modules,” which are based upon 
the performance, rather than the dimensional, characteristics of 
building systems components. For example, structure of the build- 
ing may be conceived in terms of bays of approximately 30^ by 60', 
an optimum size for many steel structural products. Some HVC 
systems have optimum service modules based upon the air han- 
dling capacity of the unit. 

Another performance characteristic of building systems, their 
flexibility, makes possible a new form of building programming 
and design which has been experimented with on some school 
construction projects. Because of the flexibility built into space 
configuration components — partitions and other space dividers, 
lighting/ceiling, and HVC — it is no longer necessary to complete 
detailed space programming before undertaking preliminary de- 
sign. Instead, a generalized programming based on allocating 
blocks of space to specialized or functional uses will suffice at the 
preliminary design stage. 

Final decisions on the detailed opace programming for the 
“opening day plan” may be postponed until the last possible 
moment. This postponement allows the architect to work with 
the school staff who will work in the space, and permits the pro- 
grammers to make use of the latest thinking in educational theory 
and practice. Even beyond this stage, in one systems school in 
Florida, the architect has remained involved with the staff in the 
making of changes in the building after occupancy. 







14 



\U 1 I 1-S 1 At.l mi)l)lN(., 
S\\i,\ OM 




TRADITIONAL BIDDING 






4 



MULTI-STAGE (TWO STAGE) BIDDING 




MULTI-STAGE (FAST-TRACK) BIDDING 






i 

£ 

t 

I 

I 

I LI 





111 ir.ulMion.il ». Linsi ruL I uMi proK’'-*'*' bui'» t«mstruci ion coiv 
ir.uiN .irc i.iki'M .iMct tlu* \.«»nip(ciion of working ilr.iwings .iiul 
otiicr Lonii .Kt iU>L nine niN. Mulii si.igc l'»MLliiig» .i'» oficn on 

iMiiKiing s\ sU'ms pro)c»,is, rct.niis huKImg .itfcr Jcivuniciu coniplc- 
iion I'ut .uKis .m c.irlicr l^uuling «>f kc> c«Mnp«»ncnis of the iMiilJing 
svslcin. I Ills l"'iLliling of s\sK'iiis conipoiiciii N !i«)rni,illy t.ikcs pKicc 
follow ing flu* .ipproval « t ihc prdimm.iry Jesign by the vlicnt. 

Ai tins tinu' buls tor kc> '*>'*tcni'* toniponcnis, not ,ilways the 
(nfKc l'‘iiililiiig sysU'Mi, arc uikcn based upon a set of drawings 
of ..icli siibsvsiciii, aiul a set of sjx'cihcaiiun>, often of a perform- 
ance IV pe. In ino'*i pro)eci>, ilie subsysicm> arc bid on an installed 
price basis, w iih national iiianufacturcrs of products usually bid- 
ding tlirough a local installer, 

I hc early bidding of components requires that certain decisions 
be made earlier in the project than is traditionally the ease. The 
intern of this section is to point out some of the advantages of 
earlv bidding, seme of the options available, how to go about it, 
and the decisions which must be made to enable its use. 



Advantages of Multi-stage Bidding. 

Multi-stage bidding, in particular the early bidding of building 
system components, offers several advantages to the members of 
the building team. These advantages include: 

• A headstart on the design and construction schedule. With 
multi-stage bidding, both the architect and the suppliers have 
earlier knowledge of some of the products to be used on the pro- 
ject. This permits the subsystem manufacturer to order materials 
in advance, thereby reducing some of his overhead costs. It may 
also permit him to begin fabrication and even erection of his 
subsystem before further contracts are let. 

• Ifftproved cost (price) control. Although the early bids usually 
include a percentage contir gency to allow for modifications dur- 
ing working drawings, the prices quoted by the subsystem sup- 
pliers at the early bid arc actual installed costs ':or the project. 
Early knowledge of these costs, which may amount to over 50 
per cent of total building cost, gives the architect and the client 
better overall project cost control. 

• Improved schedule control. As mentioned previously, with 
multi-stage bidding the architect and client are able to give the 
manufacturer-installer greater lead-in time than was previously 
possible. Signing a contract at the early bid may allow the begin- 
ning of subsystem installation before the completion of working 
drawings. Although these steps do not insure better and shorter 
project schedules, they increase the opportunity for schedule 
shortening. 

• Simplified design completion for the architect. The identifi- 
cations of subsystem products and the submission by selected 
bidders of shop drawings for their products gives the architect 
more information with which to complete his design. The archi- 
tect can develop his working drawings around known products 
for which the manufacturers prepare many of the details. The 
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subsystems .ire bid on .111 iiist.dled basis, e.ich bidder assumes re- 
sponsibility for making good his product within the limits set in 
the scope sr.itenients (»f the speeific.uions, thereby virtually elimin- 
ating extra costs in the subsystems. Further, many changes can 
be aeeoniniod.ited by the system’s flexibility with a corresponding 
decrease in the cost of change orders. 



How To Early Bid Building Subsystems. 

Assuming that the architect and client wish to use a multi-stage 
bidding procedure, the steps in taking early bids of building sub- 
sy'stems can be outlined as follows: 

1. A study if the feasibility of both early bidding and of various 
related aspects of the process, including contractual rela- 
tionships, relation of selected early bidders to later con- 
tractors, and other questions of legality. 

2. The making of certain key project decisions which affect all 
contractors whether selected early or at regular times, and 
which normally appear in the general conditions, special gen- 
eral conditions, or supplementary general conditions sections 
of specifications, including: 

a. Type of contractual relationship between early bidders 
and the client, specifically whether contract or letter of 
intent; 

b. Type of management of construction to be used on the 
project. 

c. The contractual relationship of early bidder to (b.) 
above. 

3. The selection of subsystems to include in the early bidding. 

4. The selection of the method to insure subsystem compati- 
bility. 

5. The preparation of bidding documents — drawings and speci- 
fications — which include the decisions reached in Nos. 1 
through 4. 

6. Advertising for bids, issuing of bidding documents, and the 
holding of prebid conferences. 

7. The taking of bids and their evaluation. 

8. The awarding of contracts or letters of intent to selected 
bidders based on the decision reached in No* 2 above. 
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In ihu remainder of ihis section on multi-stage bidding, some 
aspects of this process will be discussed in detail. The taking of 
early bids is neither a difficult nor a complicated process, but it 
is one involving steps which differ from those used in convention- 
ally designed projects. The experience of firms who have used 
multi-stage bidding has generally been good, but as with many 
aspects of systems building, skill and expertise grow over time 
with experience. 

Multi-si age bidding is also one of the tools of fast-track or stag- 
gered scheduling. This innovative tool has been used on projects 
to achieve dramatic savings in time. On such projects as the Mer- 
rick school additions on Long Island and the SUNY Surge Facil- 
ities at Stony Brook, New York, building systems and overlapping 
scheduling have been used together to great advantage. 

The Selection of Subsystems To Include in Early Bidding. 

At the present time it is possible to include over 50 per cent of 
the building’s cost in an early bid building system. Although there 
is considerable difference of opinion among professionals involved 
in systems as to how much to bid early, there is general agreement 
that a subsystem should be included in the early bid package if 
any or all of the following conditions are true: 

• The work on this subsystem is crucial to the project schedule 
and the commitment of the supplier to the schedule must be in- 
sured. 

• Some subsystem work, either fabrication, delivery, or installa- 
tion, must begin before the letting of the full construction con- 
tracts for the project. 

• An advantage accrues to the project or the manufacturer from 
the additional lead-in time which early bidding allows. 

In most projects employing building systems to date, at least 
three building subsystems — structure, HVAC, and lighting/ceiling 
— have been bid early. In the case of structure, at least, this early 
bidding has allowed some manufacturers to reduce their costs and 
lower their bid prices. 

Because this bidding process places much cost, schedule, and 
detail information about the building system in the hands of the 
architect and client at an early point, many firms prefer to bid as 
much as possible at this time. 

On the other hand, other firms feel that the added work of early 
bidding many subsystems is not justified. They feel there is ade- 
quate competition among suppliers of noncrucial subsystems to 
insure good prices and quality whenever bids are taken on these 
components. They further point out that on single school projects, 
the amount of lead-in time required with off-the-shelf products 
is not great. These firms early bid only those components which 
are important to the project schedule. 

There is no simple answer to the question of which subsystems 
to include in early bidding. BSIC does not wish to define the course 
of action for users, but would like to suggest that an initial early 
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bidding by a firm include at least structural, HVC, and lighting/ 
ceiling subsystems. By bidding these subsystems, the advantages 
listed above of early bidding are obtained and many problems of 
recoordination arc eliminated. Experience will indicate the direc- 
tion a firm will want to go in its use of building systems. 

Contracts Versus Letters of Intent. 

Two types of contractural arrangement can be used to bind 
selected bidders to the project until the letting of final construction 
contracts — contracts and letters of intent. Each of these two meth- 
ods is appropriate to certain project conditions and should be used 
in those situations. Of the two, the letter of intent is probably the 
more commonly used. 

The letter of intent. A letter of intent is a conditional contract; 
that is, ir binds the signer to the project provided stated conditions 
are maintained. In building systems projects, the most common 
condition found in a letter of intent is that the project actually 
go to construction. If the conditiolis of the letter of intent are not 
maintained, the relationship between the signer and the project 
is dissolved and neither the signer nor the project has further obli- 
gation. 

Because the letter of intent has the force of a contract as long 
as the conditions are maintained, the letter is a very useful tech- 
nique in multi-stage bidding. A bid for a letter of intent is a real 
bid; the prices stated are real and binding. On the other hand, if 
the project should not go forward because of failure to obtain 
financing or other reasons, no financial liability is incurred by the 
client. This is especially useful where early bids are taken before 
design completion or bond referendums. 

The letter of intent is useful where subsystem suppliers are not 
required to perform work before the letting of final contracts. 
Based on a letter of intent, most manufacturers will order ma- 
terials and arrange production, delivery, and installation sched- 
ules but will not perform any actual work. 

The contract. A contract with the subsystem suppliers selected 
by early bidding is simply that, a contractual relationship creating 
financial responsibility for the client. Cancellation of the contract 
is more difficult than the dropping of a letter of intent and requires 
payment for work done. On the other hand, if work must be per- 
formed by the subsystem supplier before the letting of final con- 
struction contracts, a contract at this stage is essential. 
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Relation of Early Bid Subsystems to Final Contraecs* 

Building systems and multi-stage bidding procedures have been 
used on projects involving all the principal types of management 
of construction — general contracting, prime construction con- 
tracting, construction management, and management contracting. 
The most common form is v/ith a general contractor to whom the 
subsystem contracts are assigned. The general then assumes re- 
sponsibility for the coordination of the work of the assignees as 
well as his other subcontractors. 
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Early bid building systems may also be included in projects 
where prime construction contracting is required. In such projects 
the subsystems, if of sufficient size and proper nature, may be 
handled as separate prime contracts or they may be assigned to 
the relevant prime contract. 

Where construction management is practiced, the subsystem 
contracts are between the owner and the contractor and are man- 
aged by the construction managerrent contractor. The situation is 
similar under management contracting, although the normal form 
of this process makes the subsystems suppliers subcontractors to 
the management contractor. 

Whichever method is followed, the method and the conditions 
for assignment must be contained in the general conditions section 
of the early bidding documents and all subsequent documents 
used in connection with parties to which such contracts may be 
assigned. 

Insuring Subsystem Compatibility. 

The specification documents should contain a statement for 
each subsystem of the requirements for compatibility with other 
subsystems, including an assignment of responsibility to one sub- 
system or the other where conditions may be ambiguous. Where 
dimensional and functional compatibility is required of two sub- 
systems, such subsystems are sometimes said to have a “manda- 
tory interface.” 

At the present time, not all building systems products are com- 
patible with each other. Because of this, subsystem selection 
should be made on the basis of achieving a compatible building 
system and not simply selecting the lowest bidders in each sub- 
system category. Selection on this basis places the responsibihty 
for compatibility at the mandatory interfaces upon the manufac- 
turers and any adjustment or modification required to meet spe- 
cific conditions must be made by them at their expense. 

Bidders are often required to state their compatibility with one 
another by a process known as “mutual naming.” The bids sheets 
provide space for each bidder to name bidders of other subsystems 
with which he is compatible. With each combination of bidders 
in all other subsystems with which he has mandatory interface, 
he must state a price for his subsystem. Normally only bidders 
who name each other can be considered compatible. Samples of 
such bidding sheets are included as an appendix to this report. 
These statements of mutual compatibility must be backed up by 
the submission of sufficient information at the time of bidding to 
demonstrate this compatibility to the architect. Requirements for 
these submissions must be contained in the specifications. 

For each subsystem, there are appropriate mandatory inter- 
faces. Table I shows suggested mandatory interfaces. 
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The Preparation of Bidding Documents. 

Early bidding of systems components is based upon two docu- 
mems — a set of drawings and a set of specifications. The specifica- 
tions include bidding sheets^ general conditions, and the subsystem 
descriptions normally of a performance type. In a successful build- 
ing systems project, the development of preliminary design and the 
development of the building system package overlap and are in- 
separable. Because of this fact, coordination problems between 
drawings and specifications should be at a minimum. 

Early bidding drawings. In the preparation of early bidding 
drawings, the success or failure of the programmers and designers 
in keeping systems in mind will be readily apparent. One goal of 
preliminary design in a building systems project should be to de- 
velop the preliminary design drawings in such a manner that a 
minimum of modification and redrawing is required to produce 
the bidding documents. 

As the drawing standards included as an appendix to this report 
suggest, the drawings should be .simple and clear. At least one 
sheet is prepared for each subsystem bid plus other sheets showing 
architectural plan, elevations, and site location. Each sheet should 
contain only such material as is relevant to the subsystem it dis- 
plays. The graphic indications used on each sheet should be dis- 
tinct and unambiguous, and the 5' grid should probably be read- 
able on each sheet. The complete drawing package will, of course, 
be sent to all bidders. 

Early bidding specifications. As the key decisions affecting the 
project are made, the development of the early bidding specifica- 
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PERFORMANCE SPECIFICATIONS OUTLINE 

1, “Boilerplate/* 

a. Advertisement for bid. 

b. Instructions to bidders. 

c. General conditions (these must be the same 
in all project documents). 

2. Performance specifications for each subsystem. 

a. General requirements for each subsystem. 

(1) General performance requirements for 

the subsystem. 

(2) Scope of work included in the subsystem. 

(3) Relevant codes and regulations — may be 

included in general conditions or under 
performance requirements. 

b. Compatibility requirements with other sub- 
systems. 

(1) Interfacing requirements. 

(2) Coordination requirements. 

c. Subsystem performance requirements. 

(1) Dimensional criteria. 

(2) Design criteria. 

(3) Proof of performance and/or testing re- 

quired. 

d. Submittal requirements. 

(1) At bid. 

(2) Following nomination. 

3, A set of the bidding sheets for each subsystem. 
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tions can be undertaken. The specifications used in early bidding 
of building systems are normally of the performance type; that is, 
they describe what the components must do rather than state what 
they must be. Before proceeding to a discussion of the preparation 
of these documents, it will be useful to examine briefly the major 
types of performance specifications used in early bidding. 

The pure performance type specification was developed for use 
on building system development projects, such as SCSD in Cali- 
fornia and SEF in Canada. In these projects, the performance 
specifications were written to define new products to be developed 
by industry. As such, these documents contain many elements 
which are most useful in development projects and which are 
cumbersome and nonessential when existing products are being 
procured. In spite of these difficulties, these specifications in modi- 
fied form have been used successfully on the majority of single 
school systems projects. 

The Schoolhouse Systems Project (SSP) in Florida has adapted 
these developmental specifications for use on small projects. In 
addition, several groups, including SSP, the Council of Educational 
Facilities Planners Subcommittee on Codes and Standards, BSIC, 
and some manufacturers are working to develop a set of model 
performance specifications for nondevelopmental school con- 
struction projects. 

Two simpler forms of performance specifications make use of 
the fact that smaller projects are purchasing from a known group 
of products. In one type of specification, a list of acceptable sub- 
system products is added to a shortened or referenced pure per- 
formance type specification document. Bidders may then bid any 
product on the list, while unlisted products may be acceptable if 
they meet the conditions of the performance specifications. 

The second and slightly less useful type is similar to the ma- 
terial specification in that it establishes an “or equal” type require- 
ment. In this type, a performance specification is written about 
one of the known subsystem products. Other products which are 
equal to the selected product may be bid also. Difficulty arises in 
determining exactly what is equal. 

Regardless of the type of specification selected, the early bidding 
specifications document mast contain certain elements. A short 
outline of a performance specification document for early bidding 
appears in the margin. 

The pages, sections, and paragraphs should be organized and 
numbered in a coherent manner. Unfortunately, the major or- 
ganizational schemes for architectural data, such as the CSI 16 
division format, do not readily lend themselves to the ordering of 
performance specifications on a subsystem basis. 

Summary of Multi-stage Bidding- 

Multi-stage bidding is a technique used on many building sys- 
tems projects in which bids are taken on key building systems 
components upon the compl.-- on of preliminary design. The re- 
mainder of the project is bid after completion of all contract docu- 
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menu. With omc form nssignmcni of the selected systems con- 
to the full construction contracts. 
i:,«Min^ the sysicfps components early allows the manufacturer 
It ,ul JI1 nmc* ihcrchy reducing his costs and improving his 
i^Kcilulmg f hc .uchitcct gains better co^t and time control, and 
4 Hc ti> work with known products. 

t.€>mponents arc bid on the basis of two sets of docu- 
I bid drawings based upon the preliminary design, and 
vfH‘vih4..uic»ns for these subsystems. The specifications are nor- 
•11 d: the performance type, although various modified per- 

types may be used. These specs must be coordinated 
With aH tither sfK'vifications of the project. 

C imipatibility of ci»mponents is insured in part by a process in 
whuh c.ich bidder luimes products or bidders in other subsystem 
i4tcgones with which he is compatible. To be considered “com- 
pjiiWe” bidders or products must be mutually named. 

H the si/c of the project justifies the expense to the bidders, a 
pirbid meeting should be held in which problems can be straight- 
ened out and misunderstandings cleared up. A second important 
fumtton of this meeting is that it allows potential bidders to iden- 
tity one another and to see with whom they should seek to estab- 
Ifsh compatibility. 

The only difference between a budding systems project and a WORKING DRAWINGS 

tr.idaionaI project in the preparation of complete contract docu- 
mevits IS that in a systems program, the architect can work from 
%hop drawings of the selected components. The detailing of the 
interfacing of systems components is performed by the component 
manufacturers. 

Although building systems can be seen as only a partial cause, 

M>nK of the offices which use systems have begun to reduce the size 
of the working drawing package. It may be that the manner of 
thinking about building systems fosters a more systematic ap- 
proach to other aspects of the design process. 



Building systems have been used on projects in which a variety 
of elutions to the problem of managing construction were em- 
ployed. These methods can be classified generally in four cate- 
gories — general contracting, prime contracting, construction man- 
agement, and management contracting. A brief summary of sys- 
tems use with each of these methods forms the bulk of the re- 
mainder of this chapter. 

• BtifUhig systems and general contracting. The use of a gen- 
eral construction contract is perhaps the most common form of 
construction management on building systems projects. The only 
major change from the traditional project structure is that the 
building systems component contractors are selected by the owner 
rather than the general contractor. These contracts are then as- 
signed to the general contractor. The general contractor is still 
responsible for coordination and management of the total con- 
struction effort. 
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• Building systems and prime cofttracting. In some states, pub- 
lic works projects, including schools, must be bid as several prime 
contracts. In these cases, the client provides such coordination as 
is necessary on the project, in bidding systems projects under 
these conditions, two approaches have been used. In one case, the 
systems contracts are assigned to the relevant prime contractor. 
In the other, the systems component and installation contracts are 
treated as additional prime contracts. This latter form is common 
where the subsystems contracts are relatively large. 

• Building systems and construction management, A lesser used 
but potentially useful management approach is the hiring of a con- 
struction manager. The construction manager provides the super- 
vision and coordination services normally provided by the general 
contractor but does no contracting work on the job himself. In 
this approach, on-site work is performed by subcontractors who 
submit bids to the client. The construction manager is most often 
someone with a contracting background. 

On projects where a construction manager is used, the building 
systems contracts are handled simply as additional subcontracts. 
The Toronto SEF Building System projects are all managed by 
construction managers. 

® Building systems and management contracting. Management 
contracting is a variation on construction management which has 
been used on the First URBS Project and on building systems pro- 
jects for the University of Alaska. The references in “Suggested 
Readings” will provide an understanding of this innovative man- 
agement technique. 

When building systems are used under management contracting 
procedures, the subsystem contracts are either bid to or assigned 
to the management contractor for coordination and supervision. 
These subsystem contracts are usually subcontracts to the man- 
agement contractor. 

This chapter has presented a necessarily brief description of a 
general “model” of a building systems project. The reader should 
remember the caution at the start of the chapter, that this model 
should serve as a basis for his own development of procedures and 
not as the “only way to do it.” 

The steps in the model building systems prog.ram are: 

1. The architect and the client determine performance levels 
and sufficient project criteria to test the feasibility of the use of 
building systems. 

2. The architect and the client study the feasibility of a building 
systems application to the project, weighing the advantages of sys- 
tems use and determining the appropriateness of building systems 
to provide the type of facility desired. 

3. Assuming that the use of systems is appropriate, the architect 
and the client program the facility; using the flexibility inherent in 
building systems, at this stage of project development they may 
only perform generalized space programming, reserving final de- 
tailed programming until the last possible moment before the fa- 
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cility is placed in use. 

4. The architect prepares the preliminary design, a translation 
of the building program, drawing from his understanding of the 
characteristics of building systems. 

5. Based upon subsystem drawings and performance type speci- 
fications, the building systems components and the parties who 
will supply and install them are chosen by competitive bidding; the 
selected bidders are given contracts or letters of intent. 

6. Using the cost and product information obtained from the 
building systems suppliers, the architect completes the working 
drawings and other contract documents. 

7. The construction contracts are let by competitive bidding; 
these contracts may be let to: 

a. General contractor 

b. Prime construction contractors 

c. A construction manager and subcontractors. 

d. A management contractor and subcontractors. 

In (a) building system contracts are assigned; in (b) they may be 
assigned or handled as additional prime contracts; in (c) and (d) 
they are handled as subcontractors. 

8. If the programming method of working from generalized to 
detailed space programming has been used, the architect and the 
facility users prepare the final space program and it is implemented 
in the building. 

9. The facility is constructed. 
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SUGGESTED READINGS 



HOW TO LEARN 
ABOUT 

BUILDING SYSTEMS 



Adams, Velma, “The Trend to School Building Systems,” School Management^ 
August 1969, pp. 24-30, 49-54; September 1969, pp. 66-73. A good general 
introduction to the application of building systems to school construction. 

BSIC Special Report Number One: Manufacturers’ Compatibility Study, Stanford, 
California: BSIC, April 1970. A listing of products available for use in SCSD- 
type building systems including a list of manufacturer contacts and matrices 
showing compatibility of products. 

Revision available summer 1971 at $1.00 per copy from: 

BSIC/EFL 

3000 Sand Hill Road 
Menlo Park, California 94025. 

Chase, William W. “Systems and the Single School,” Construction Products and 
Technology^ September 1970, pp. 41-46. 

“Florida’s Systems Schools.” CEFP Journal, January-February 1970, pp. 9-16. The 
results of Florida’s first three volume purchasing programs for building sys- 
tems, "with emphasis on cost and time savings achieved. 

Gores, Harold B. and Alan C. Green. “Building Ideas that Save Money,” American 
School cind University, February 1971, pp. 13-32, A discussion of various 
means of saving money in educational facility provisions, including building 
systems, fast-tracking, renovation, mixed use, and membrane structures. 
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Al^bofi. hmc^ F, M*ir# 4 igrmrrif C orf/rjc/irijc Jt the Vptit cr^ity of CaUfotma. Berke^ 
lev, C .iltforni.i: l^nivcrMiy oi C June 19T0, TJm publicanon convi«% 
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APPENDIX A 

INTRODUCTION TO PLANNING 
WITH BUILDING SYSTEMS 
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The Building System 

A building system is composed of building subsystems manufac- 
tured by a number of competing firms and engineered to be di- 
mensionally and functionally compatible with one another (see 
Table I, p. 16). Four of these subsystems are major contributors 
to the building’s form and function. 

1. The structural subsystem gives the building its general form 
and sets the basic modular pattern. 

2. The mechanical, or HVC, subsystem, provides thermal con- 
trol and comfort. 

3. The lighting/ ceiling subsystem provides lighting, acoustical 
control, possible fire protection for the structure, and support for 
partitions and other subsystems, and may provide for supply and 
return of treated air. 

4. The partitions, or interior space division, subsystem provides 
in.erior visual and acoustic control with a potential for change of 
spatial organization. 

The lighting/ceiling subsystem and the horizontal elements of the 
structural subsystem create a service sandwich between the top of 
the deck and the ceiling line. This area is used for the passage of 
mechanical ductwork and electrical and other services. With some 
types of HVC subsystems the service sandwich forms a return air 
pleiiUm. In current products the depth of this sandwich varies from 
36" TO 48". 

The building system may contain other subsystems, which are dis- 
cussed in the section “How To Learn about Building Systems” of 
this -eport. Performance characteristics of specific subsystems may 
be found in BSIC Special Report Number One: Manufacturers* 
Compatibility Study* 

Er|c ^5 
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Structural Subsystem 

In SCSD-type building systems the horizontal dimensional plan- 
ning module of the structural subsystem is 5'-0" by Al- 

though most structural products allow freedom in vertical di- 
mensions, some introduce a vertical dimensional planning module 
of I'-O" or 2'-0". 

The center lines of structural components fall on the plannning 
grid lines in most available systems. With some exceptions, col- 
umns arc located at the corners of structural bays and at the inter- 
section of these grid lines. In some structural systems, the columns 
fall withm the structural bay, cither on a grid line or within a grid 
square. 
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A “supermodule” is a planning module based upon the perfor- 
mance of a building subsystem. In the structural subsystem, the 
supermodule is the long span structural bay. This supermodule re- 
flects the fact that most of these products were designed to permit 
large column-free spaces within the building. 

The design of structural subsystems considers both the vertical and 
lateral load conditions normally encountered in schools and re- 
lated building types. Because the magnitude of lateral loads is the 
result of the particular building configuration and the require- 
ments of local wind or seismic codes, it is the responsibility of the 
architect and his consulting engineers to investigate the provision 
of shear walls and/or other lateral bracing to meet these condi- 
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The geometry of building systems requires that design changes 
involving the structure be made within the disciplines of (1) di- 
mensional coordination imposed by the planning module and (2) 
structural bay size and shape imposed by the supermodule. 
Changes in building size and shape must be made with reference 
to both the 5'x5' planning module grid and the larger super- 
module grid. 

Heating/Ventilating/Cooling (HVC) Subsystem 

Although virtually all types of mechanical systems have been in- 
tegrated into building system designs, the most typical HVC sub- 
system is the multizone air handling type. These units may be full 
packages designed for location either on the rooftop or in me- 
chanical spaces or they may be satellite air handling units con- 
nected to one or more central plants. 

The supermodule for many multizone systems is the ‘‘mechanical 
service module” which varies from 2,000 to 10,000 square feet per 
unit depending on unit size and other factors. The mechanical 
service module can be divided into as many as 15 “control zones” 
each with a thermostat or other control device. 

To ensure spatial flexibility, the distribution layout — ^permanent 
and flexible ducts located in the service sandwich — must be de- 
signed so that air may be supplied to and returned from all possi- 
ble combinations of control zones by relocating only flexible ducts, 
boots, and diffusers. 




The rooftop multizone unit has proven to be an effective solution 
for one- and two-story buildings. In two-story applications, a ver- 
tical chase brings ducts down to the floor-ceiling service sandwich. 
Beyond two stories the floor space saved by rooftop units is con- 
sumed by these vertical chases. 



In multistory buildings, the use of multizone air handling units 
on each floor allows a high degree of flexibility with minimum ver- 
tical penetration for ductwork. 
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Lighting/Ceiling Subsystem 

The lighting/ceiling subsystem has a horizonal planning module 
grid which coincides with that of the structural subsystem. In most 
products this planning module is cither 60" by 60" or 30" by 60". 
Some product lines offer both these modules and may permit them 
to be used interchangeably. 

The centerline of the ceiling grid runners falls on the planning grid 
lines. This ceiling grid provides support for other ceiling ele- 
ments, partitions, and other components, and is often the location 
of the air supply and return diffusers. 



Several types of ceiling infill may be placed on these runners, creat- 
ing two basic types of ceilings — coffered or vaulted and flat. By 
combining these ceilings with various types of lighting fixtures — 
direct, indirect, luminous ceiling, recessed, and surface mounted — 
a variety of ceiling configurations can be created, some of which 
are illustrated below. 

The fixtures and lenses in most of these products are designed so 
that, as a rule of thumb, the equivalent of a single two 40W tube 
lumination level of at least 70 footcandles with relatively low fix- 
fixture in each 60" by 60" module will produce a maintained il- 
ture brightness. 




T 

1 . 












30"x60" PLANNING MODULE 











COFFERED COFFERED VAULTED 

DIRECT (1) DIRECT (2) LUMINOUS CEILING 

The ceiling is one of the main elements of acoustic control in the 
building system. Because in many cases sound isolating partiu ons 
do not penetrate the ceiling, the sound attenuation of the ceiling 
is of great importance. In addition, attention to the sound absorb- 
ing qualities of the ceiling is necessary, especially in large open- 
plan spaces. 



FLAT ACOUSTIC 
PANEL 
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Fire resistance for steel floor-ceiling and roof-ceiling assemblies is 
provided largely by the ceiling. In addition to the fire rating re- 
quired for structural protection, and with concrete structural sys- 
tems where this rating may not be necessary, the ceiling may have 
to be rated separately from the total assembly in order to provide 
fire protection for an air return plenum, if such is used. 

Partitions Subsystem 

In most cases elements of the partition subsystem are located on 
the planning module of the lighting/ceiling subsystem. With some 
lighting/ceiling and/or partition products, however, partitions may 
be located off the ceiling grid. Several types of partitions are avail- 
able for use with the other subsystems of a building system. These 
partitions have varying degrees of flexibility and types should be 
carefully selected to provide the flexibility actually required by the 
design. With the development of furniture and casework products 
which are dimensionally coordinated with the building system, the 
division of interior space into functional units should utilize a 
variety of elements and not partitions alone. 

The major types are 

1. Fixed partitions^ normally a part of the general construction 
contract, are used where the location of the wall will likely be 
the same over the building’s life, such as fire walls, some wet 
walls, and vertical shaft walls. 

2. Demountable /movable partitions are used where long term flex- 
ibility is desired and require mechanical attachment to the floor 
and ceiling. 

3. Portable partitions can be quickly and easily relocated by rela- 
tively untrained persons and are used where short term flexi- 
bility is desired. 

4. Operable panel and accordion partitions are primarily used 
where spaces are repeatedly divided on a more or less regular 
basis; the high cost of these partitions and the fact that they are 
normally underused reduces their usefulness. 



PPENDIX B 

JGGESTED STANDARDS FOR DRAWINGS USED IN THE 
\RLY BIDDING OF BUILDING SUBSYSTEMS 



>TES TO STANDARDS: 

1 These stenctards are intended to show clarity and completeness of early bidding 
("prebidding**) drawings. Actual project drawings may include items not shown 
in these standards or may contain different information. 

2. The symbols selected in these standards have been chosen to provide con- 
sistency in these drawings only. The set of symbols used on project drawings 
wi>. have to be selected by the architect. Symbols should be clear, logical, and 
unambiguous. 

3. The early bidding documents consist of, at least, drawings, specifications, and 
bidding sheets for each subsystem. None of these items should be considered 
in isolation from the others. Neither drawings, specs, nor bidding sheets present 
the entire subsystem by themselves. 
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ROOF STRUCTURAL PLAN 



Column 

Structural bay outline 



Fascia 

1. Locate columns and outline structural bays. Column loca- 
tion may be indicated by “acceptable column location Roof opening 

zones’* in lieu of specific location (see page 33). 

2. Indicate special structural conditions such as cantilevers, HVC unit 

known openings, and special loading conditions. 

3. Indicate floor to ceiling heights. ^ 

4. Location of rooftop HVC units and required openings may 
be indicated or may be handled as an Interface requirement 
for bidders. 




STRUCTURAL SUBSYSTEM METHOD A 
OUTLINING OF STRUCTURAL BAYS 



o 

ERIC 
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ROOF STRUCTURAL PLAN 



Column 

Primary spanning element — 



1. Locate structural elements on five foot planning grid. Col- 
umn location may be indicated by “acceptable column lo- 
cation zones” in lieu of specific location (see page 33). 

2. Indicate special structural conditions such as cantilevers, 
known openings, and special loading conditions. 

3. Indicate floor to ceiiing heights. 

4. Location of rooftop HVC units and required openings may 
be indicated or may be handled as an interface requirement 
for bidders. 



Secondary spanning element 



Fascia line 
Roof opening 
HVC unit 




STRUCTURAL SUBSYSTEM METHOD B 
SIMPLIFIED FRAMING PLAN 
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Roof opening 



1. Locate columns or “acceptable column location zones.” 
Outline building structural perimeter. 

2. Indicate special structural conditions such as cantilevers, 
known openings, and special loading conditions. 

3. Indicate floor to ceiling heights. 

4. Location of rooftop HVC units and required openings may 
be indicated may be handled as an interface requirement 
for bidders. 



STRUCTURAL SUBSYSTEM METHOD C 
OUTLINING OF STRUCTURAL PERIMETER 



o 
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LEGEND 



FLOOR PLAN-HVC 



Control zone boundary 



CFM per control zone ' ‘ 

Nonsystems area 



Thermostat 



© 



1 . Locate all fixed elements — column, fixed partitions, exterior 
waii, etc. on pianning grid, indicate nonsystems areas. 

2. Indicate areas of known fiexibie space and their HVC con- 
trol zones. 

3. indicate control zones in areas of nonfiexible space. 

4. If desired, indicate locations of controls. 

5. Indicate factors affecting HVC — wall and roof U-factors, 
ceiling heights, etc. 

6. ShowCFMfor each zone. 



HEATING / VENTILATING / COOLING SUBSYSTEM 
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Scale 



REFLECTED CEILING PLAN 



LEGEND 



Lighting type boundary 
Lighting type indicator 
Nonsystems area 



I □ 





1 . Locate all fixed elements — column, fixed partitions, exterior 
wall, etc. on planning grid. Indicate nonsystems areas. 

2. Outline lighting type areas. 

3. Enter lighting type designation in each area. 



LIGHTING / CEILING SUBSYSTEM 
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Exterior wall (nonsvstems) 



FLOOR PLAN-PARTITIONS 



Fixed partitions (r^onsystems) ■ nrt/J/J ^ 

Demountable partitions 

Glazed demountable _ — 



1 . Locate all fixed elements— column, fixed partitions, exterior 
wail, etc. on planning grid. Indicate nonsystems elements. 

2. Locate all elements of partition subsystem. 

3. Indicate floor to ceiling heights. 



Portable partitions 
Special surface 
Operable pane! partition' 







Operable accordion partition \S\J\j 



PARTITIONS SUBSYSTEM 
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APPENDIX C 

SAMPLE BIDDING FORMS FOR THE EARLY BIDDING OF 
BUILDING SUBSYSTEMS 



SAMPLE BID PROPOSAL FORM 

PROJECT : 

STRUCTURAL SUBSYSTEM 

The undersigned hereby ' proposes and agrees to furnish any and all labor, 
materials, equipment, transportation and services for the supply and 
installation of this building subsystem as indicated in the Contract 
Documents and the following addenda . 

It is hereby confirmed that this proposal is compatible with product 
assemblies of at least one bidder from each of the HEATING/VENTILATING/ 
COOLING (HVC) and LIGHTING/CEILING subsystem categories. 

The undersigned further agrees that his company name may be listed 
on the proposal forms of all bidders named below. It is understood 
that the Owner w: 11. consider subsystems to be compatible only when the 
names of compatible bidders are mutually listed. 

It is further understood (a) that bids will be awarded only on a 
composite basis which includes the four subsystem categories; structure, 
HVC, lighting/ceiling, and partitions, and that the bid price to 
be considered by the Owner will be the sum of the four lump figures 
from four compatible subsystem categories, and (b) that if a manufac- 
turer submits bids to cover two or more of the subsystem categories, 
he shall submit a separate price for each category on the proposal form 
for that category. 

COMPATIBLE BIDDERS 




PRODUCT DESIGNATION 
BIDDER'S ADDRESS 



SIGNATURE 
(J^GNING OFFICER 

ERJCfice held 
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DATE 



SAMPLE PROPOSAL PRICE BREAKDOWN, STRUCTURAL SUBSYSTEM 

PROJECT : 

COMPATIBLE BIDDERS WITH WHOM THESE PRICES APPLY: 

HVC lighting/ceiling total lump SUM BASIC BID PRICE 



SQUARE FOOTAGES: Roof: sq ft 

Floor: sq ft 



UNIT PRICES FOR HOLES : 

Bidder shall include in his total lump sum bid price the cost of 
providing holes through structure in the sizes and quantities shown 
below. He shall provide a single unit price for these holes which may 
be used to make additive or deductive adjustments when the exact 
number of holes is known. 



size 


Throuqh Roof 

_ ^ ^ Unit Price 

Quantity 


ThrouQh Floor 

_ ^ ^ Unit Price 

Quantity 


up to 6" sq. 










over 6*' to 12" sq. 










over 12" to 24" sq. 










over 24" to 48" sq. 











basic bid PRICE: Roof: $, 

Floor: $ 

Total: $ 



UNIT PRICES FOR + 5 % ADDITION OR SUBTRACTION: 
Roof Price Total $ 

sf 



Floor sq ft s^ 



Roof sq ft _ 

Floor Price Total $ 



$ 



/sq 



ft 



$ 



/sq ft 



SUBSYSTEM BIDDER: 



DATE : 
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SAMPLE BID PROPOSAL FORM 



PROJECT : 

HEATING/VENTILATING/COOLING (HVC) SUBSYSTEM 

The undersigned hereby proposes and agrees to furnish any and all 
labor, materials, equipment, transportation and services for the 
supply and installation of this building subsystem indicated in the 
Contract Documents and the following addenda ; . 

It is hereby confirmed , that this proposal is compatible with product 
assemblies of at least one bidder from each of the STRUCTURAL and 
lighting/ceiling subsystem categories. 

The undersigned further agrees that his c ipany name may be listed 
on the proposal forms of all bidders nameo below. It is understood 
that the Owner will consider subsystems to be compatible only when the 
names of com.patible bidders are mutually listed. 

It is further understood (a) that bids will be awarded only on a 
composite basis which includes the four subsystem categories: 
structural, HVC, lighting/ ceiling , and partitions, and that the bid 
price to be considered by the Owner will be the sum of the four 
lump figures from four compatible subsystem categories, and (b) that 
if a manufacturer submits bids to cover two or more of the four 
subsystem categories, he shall submit a separate price for each 
category on the proposal form for that category. 

COMPATIBLE BIDDERS 



STRUCTURE 


lighting/ceiling 


TOTAL LUMP SUM BASIC BID 


PRICE 






($ 


) 






($ 


) 






($ 


) 






($ 


) 



BIDDER'S NAI'lE 
PRODUCT DESIGNATION 
BIDDER'S ADDRESS 

S IGNATURE 
SIGNING OFFICER 
OFFICE HELD 



DATE 



CORPORATE SEAL 



O 

ERIC 
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SAMPLE PROPOSAL PRICE BREAKDOWN, HEATING/VENTILATING/COOLING SUBSYSTEM 



PROJECT : 



COMPATIBLE BIDDERS WITH WHOM. THESE PRICES APPLY: 

STRUCTURE LIGHTING/CEILING TOTAL LUMP SUM BASIC PRICE BID 



SQUARE FOOTAGE* 



HVC Service Area: 



_sq ft 



FLEXIBLE DUCT UNIT PRICES : 

Bidder shall include in his total lump sum bid price the cost of pro- 
viding all fixed and/or f le' xble ductwork. He shall also provide a 
single unit pr j ce for each of the following items which may be used to 
make additive or deductive adjustments when exact numbers of these 
items are known. 



installed Unit Price 



12' flex duct and boot* including 
connections at both ends 


($ ) 


6* flex duct and boot* including 
connections at both ends 


($ ) 



UNIT PRICE FOR + 5% ADDITION OR SUBTRACTION: 
HVC Basic Bid Price $ 



HVC Square Footage 



sf 



$ 



/sq 



ft 



SUBSYSTEM BIDDER: 



DATE : 



* Note to sample sheet only: The air diffuser boots are often 

supplied by the lighting/ceiling contractors as a part of 
their subsystem. 
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SAMPLE BID PROPOSAL FORM 



PROJECT : 

LIGHTING/CEILING SUBSYSTEM 

The undersigned hereby proposes and agrees to furnish any and all labor, 
materials, equipment, transportation and services for the supply and 
installation of this building subsystem indicated in the Contract 
Documents and the following addenda: . 

It is hereby confirmed that this proposal is compatible with product 
assemblies of at least one bidder from each of the STRUCTURE, HEATING/ 
VENTILATING/COOLING (HVC) , and PARTITIONS subsystem categories. 

The undersigned further agrees that his company name may be listed 
on the proposal forms of all bidders named below. It is understood 
that the Owner will consider subsystems to be compatible only when the 
names of compatible bidders are mutually listed. 

It is further understood (a) that bids will be awarded only on a 
composite basis which includes the four subsystem categories: structure, 

HVC, lighting/ceiling, and partitions, and that the bid price to be 
considered by the Owner will be the sum of the four lump figures 
from four compatible subsystem categories, and (b) that if a manufac- 
turer submits bids to cover two or more of the subsystem categories, 
he shall submit a separate price for each category on the proposal 
form for that category. 



COMPATIBLE BIDDERS 

STRUCTURE HVC PARTITIONS TOTAL LUMP SUM BASIC BID PRICE 









($ ) 








($ ) 








($ ) 








($ ) 



BIDDER’S NAME 
PRODUCT designation 
BIDDER'S ADDRESS 



SIGNATURE 

SIGNING OFFICER 

OFFICE HELD — DATE CORPORATE SE^L 
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* . i'}*' i" ‘v/Xj. 5^ » I# ICtll r I NO/C l‘« 1 1* I NG SUBSYSTEM 



'•i; SVT n»1 K }u; ;u PS with these prices apply: 

PARTITIOSS TtrrAL LUMP SUM BASIC BID PRICE 



s, t'A R y. y < /V : y . : 



I.j«jh*..inci C i A3 i f I ca 1 1 ons L-1. 

L-3, and L-4 .®<1 



MM ;iIE}'r;;EM 



li < ^ a. 



VTilT PRICES: 

1 sr.<-ludc in his total lutrp sum bid 
rt.;p 3 >!v ar-d. roturn air linear diffusers 
. 3 |f nJiali also provide a sinqlc unit 

w 3 v iv’h .T.ay be used 



price 



i i 

Ti I 



■ •r-.cj-.’a uf'cr. the exact nujrbcr 



to 

of 



the cost of pro- 
to bo installed in 
price of each of 
rrake additive or deductive 
these Items is known. 



Installed Unit Price 



Supply Air Diffuser 


($ ) 


Ail 


(§ ) 



« j -j- PRICES J'OM • 't''- AlJD 1 T I >S SUBTRACT I Oi''! i 



li.»i nu . 4 , installed Uni 

* *- Mod ule ,.^1 WivA M i e 

t' ,i i%s a 1 1 a - cn 


t Price • 

Ur lighted Module 


1 ■" 
























1. ~ 


1 







si'tjSVSTiat bJbbEK. DATE; 



• jv^'c t .. aa*-plc s!>^ct oj. 1 V t Uivil priccs t or M.aicrials only may be 
s«r*»catod i»i j*dJi*ion to. o in lieu of, installed unit prices when 
i>v t?;ia cu'S-tractor is optiof«al or not te^t-iir ed . 







SAMPLE BID PROPOSAL FORM 



PROJECT : 

PARTITIONS SUBSYSTEM 

The undersigned hereby proposes and agrees to furnish any and all labor, 
materials, equipment, transportation and services for the supply and 
installation of this building subsystem indicated in the Contract 
Documents and the following addenda • 

It is hereby confirmed that this proposal is compatible with product 
assemblies of at least one bidder from the LIGUTING/CEILING subsystem 
category. 

The undersigned further agrees that his company name may be listed on 
the proposal forms of all bidders named below. It is understood that 
the Owner will consider subsystems to be compatible only when the names 
of compatible bidders are m.utually listed. 

It is further understood (a) that bids will be awarded only on a 
composite basis which includes the four subsystem categories: structure, 

heating/ventilating/cooling , lighting/ceiling , and partitions, and that 
the bid price to be considered by the Owner will be the sum of the 
four lump figures from f '.ur compatible subsystem catc '^ries, and (b) 
that if a bidder submit" ■ bids to cover two or more of ^ he subsystem 
categories, he shall s.ibnit r, separate price for each category on the 
proposal form for tha c- .c j'>ry. 

COMPATIBLE BIjDERS 



LIGHTING/CEILING TOTAL LUMP SUM BASIC BID PRICE 



1 




) 




($ 


) 




($ 


) 




{$ 


) 


BIDDER'S Ni^S4E 



PRODUCT DESIGNATION 
BIDDER'S ADDRESS 



^.'TE 



CORPORATE SEAL 



SIGNATURE 
SI :NING OFFICER 
OFFICE HELD 
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SAMPLE PROPOSAL PRICE BREAKDOWN, PARTITIONS SUBSYSTEM 
PROJECT : ^ 



COMPATIBLE BIDDER WITH WHOM THESE PRICES APPLY: 

LIGHTING/CEILING TOTAL LUMP SUM BASIC BID PRICE 

$ 



LINEAR FOOTAGE: 



Height Linear Feet Bid Price Total 



Demountable 






$ 


Portable 






$ 


Operable Panel 






$ 


Operable Accordion 






$ 



SPECIAL SURFACE UNIT PRICES: 

Bidder shall include in his total sum unit hid price the cost of pro- 
viding all special surfaces. He shall also provide a single 
price for each of these surfaces which may he used to make additive 
and deductive adjustments when the exact quantity of these items is 

known. installed Unit Prices 

Partition Type Chalk Surface Tack Surface Projection Surfa ce 



Demountable 


$ 


/In 


ft 


$ 


/In 


ft 


$ 


/In 


ft 


Portable 


$ 


/In 


ft 


$ 


/In 


ft 


$ 


/In 


ft 



UNIT PRICES FOR + 5% ADDITION OR SUBTRACTION: 
' Demountable Price Total $ 



' Demountable In ft 1^ 

• Portable Price Total $ 

' Portable In ft If. 

Operable Panel Price Total $_ 

Operable Panel In ft If 



Operable Accordion Price Total $ 

Operable Accordion In ft 

SUBSYSTEM BIDDER 

O 




$ 


/In ft 


$ 


/In ft 


$ 


/In ft 


$ 


/In ft 



DATE : 



48 



APPENDIX D 

SAMPLE LETTERS OF INTENT 

The following letters are based on documents used in actual 
projects and are intended as examples only. 



LETTER FROM SCHOOL BOARD TO NOMINATED 
SUBSYSTEM CONTRACTOR 



May 6, 1971 



Rosmith Steel Company, Inc. 

P. O. Box 1291 

New York, New York 10022 

Re: Sxibsystem No. 1, Structure 

Gentlemen: 

It is tlie intent of the Hypothetical Board of Education to assign your 
proposal for furnishing and installing Subsystem No. 1, Structure, in 
the amount of $140,967.00 on the new Hypothetical High School to the 
successful General Contractor. This will be done contingent upon the 
receipt of proper bids and the sale of the school revenue bonds. 

This, of course, will be done in the name of the Hypothetical City 
Council, as they will be the legal owners of the building. It is 
anticipated that the working drawings will be out for bids within 
three (3) weeks from date of this letter and we will allow four (4) 
weeks for bidding and analyzing the complete general works. In addition, 
approximately four (4) to six (6) weeks will be required to advertise 
and sell the bonds. This makes a total of eleven (11) to thirteen (13) 
weeks from this date to the anticipated date of contract with a General 
Contractor. 

You are to proceed immediately with the subsystem drawings and other 
information required by the plans and specifications. Please forward 
this information direct to the School Board's architect, Olson and 
Johnson, Inc., and if you have any questions concerning this project, 
get in touch with them. 



Sincerely, 



5T7:rp 

[\n Olson and Johnson, Inc. 



William R. Jones, Superintendent 
Hypothetical City Schools 
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LETTER FROM SCHOOL BOARD TO NOMINATED 
SUBSYSTEM CONTRACTOR 



August 1, 1969 



Mr. Robc-t Smith, Jr., President 
Rosmith Steel Company, Inc. 

P. O. Box 1291 

New York, New York 10022 



Hypothetical High School 
project No. 1598 



Your Prebid Proposal, 
Dated «June 30, 1969 



Dear Mr. Smith: 

Following review and evaluation by our consultant team of Bids received 
pertaining to certain component . subsystems relating to the Subject Project, 
the Hypothetical Board of Educa'tion, at a special meeting on July 28, 

1969 has taken the following action. 

As outlined in the Prebid Construction Doc\aments, dated May 29, 1969, 
prepared by Olson and Johnson, Inc., Architects, the Board of Education, 
on or before October 1, 1969, intends to enter into contract with you 
based upon the terms stated in Part iil-Component Contract of the 
Construction Documents. The contract, in the amount of $47,533.00, will 
include the furnishing and installation of Components Subsystem No. 1 
titled Structure in accordance with the provisions noted in the Prebid 
Construction Doctiments, the Prebid Proposal Form and Addenda issued 
during the bidding period. 

It should be noted that the Board of Education, consistent with the 
intent of the Construction Documents, may wish to include your Prebid 
Proposal in the total building program Construction Documents in lieu 
of following the assignment procedure referred to in Part III of the 
Pre] 3 xd Construction Dociiments. Should this be done, your firm would 
ultimately become a subcontractor to the successful General Contractor 
as would also be true in the case of assignment. 

Further, it should be understood that this correspondence is a letter of 

intent only. Subsequent execution of a Components Contract (or xnclusion^^ 
of your Prebid Proposal in the executed general building program contracts) 
is subject to receipt of total construction bids within the Board of 
Education's Construction Budget. 

Please acknowledge your receipt of this letter and your acceptance of 
the terms stated therein by returning a signed copy of this letter to 
the Hypothetical Board of Education. 

Very truly yours. 

Hypothetical Board of Education 
Hypothetical, Ohio 

By Accepted 



President 




Clerk 
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Rosmith Steel Co., Inc. 



LETTER FROM GENERAL CONTRACTOR TO NOMINATED 
SUBSYSTEM CONTRACTOR 



March 15, 1971 



World Lighting Company, Inc. 

161 West Second Avenue 
Chicago, Illinois 60894 

Attention: Mr. Charles Green, President 

Re; New School, Cleveland, Ohio 
Gentlemen: 

This letter will express our intent to enter into a svibcontract with 
you to furnish and erect subsystem No. 3, lighting/ceiling, for the 
above referenced project. The award will be in accordance with your 
proposal dated March 5, 1971, for said work for the sum of $65,996. 

The heating, ventilating, and air conditioning contractor for the 
Cleveland project has not been determined as yet but an award will be 
made within the next few days. As soon as this award has been made, 
you will be notified as to the name of the company and the individual 
to contact in order to coordinate the two systems. 

Please review the Critical Path Schedule for this project and make 
certain that you can comply with the schedule dates on shop drawings 
and calculations as well as the completion date. 

We look forward to working with you on this project as well as the 
one in Phoenix. 



Vexy truly yours. 



John M. Cook, Jr. 

Executive Vice President 
National Contractors, Inc. 



JMCJ:to 
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